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(54) Complexes for fluorescent lebellino with large stokes' shifts formed by coupling together at least two 
fluorochromes capable of resonance energy transfer 

(57) Complexes are provided comprising:- 

(i) a first or donor fluorochrome having first absorption and emission spectra; 

(ii) a second or acceptor fluorochrome having second absorption and emission spectra, 

(iii) at least one linker for covalently attaching said first and second fluoroch romes for transfer of resonance 
energy between said first and second fluorochromes; and 

(Iv) a target bonding group capable of forming a covalent bond with a target compound; 

wherein the combined molecular weight of said first and second fluorochromes and said linker is less than 

about 20,000 Daltons characterised in that- 

the wavelength of the emission maximum of said second fluorochrome is longer than the wavelength 

of the emission maximum of said first fluorochrome and 
a portion of the absorption spectrum of said second fluorochrome overlaps a portion of the emission 

spectrum of said first fluorochrome. 
Preferably at least one of said first or second fluorochromes is a cyanine dye. 

The labelling complexes are synthestsed by covalently attaching fluorochromes through linkers to form 
donor-acceptor complexes having large wavelength shifts between absorption of one dye in the complex and 
emission from another dye In the complex. Resonance energy transfer from an excited donor to fluorescent 
acceptor provides wavelength shifts up to 300nm. 

These fluorescent labelling complexes can be used, for example, for multiparameter fluorescence cell 
analysis using a single excitation wavelength. They contain functional groups permitting covalent reaction 
with materials containing reactive groups and thereby the labelling of functional groups on target compounds, 
such as derivatised oxy and deoxy potynucleic adds, antibodies, enzymes, lipids, carbohydrates, proteins and 
other materials. The low molecular weight of these complexes permits materials labelled with them to 
penetrate cell structures for use as probes. 
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FLUQRESCKNT LABELLING COMPLEXES WITH LARGE STOKES' SHIFTS 
FORMED BY COTTPLING TOGETHER CYA NTNE AND OTHER FLUOROCHROMES 
TAPARLE OF RE550NANrE ENERGY TRANSFER 



Tb^ present mveati(m lelates to fluorescent labelling complexes, and more particularly to low 
molecular weight fluorescent complexes with large Stokes* shifts and to their use in the 
preparation of fluorescent derivatives of target materials. 

Fluorescence labelling is an important technology for detecting biological molecules. For 
example, antibodies can be labelled with fluorescent dyes. The binding of antibodies to their 
specific target molecules can then be monitored on the basis of a fluorescence signal, which 
may be detected with a spectrometer, immunofluorescence instrument, flow cytometer, or 
fluosesoence miaosoope. in a similar way DNA sequences can be detected with fluorescence 
detection instniments after die DNA has been hybridized with a complementary DNA sequence 
that has been labelled with a fluorescent dye. 

Energy transfer complexes containing covalently linked donor and acceptor molecules are 
known. For example, a model system was developed by Stryer and Haugland for the study 
of the dq)endence of singlet-singlet energy transfer on distance (Stiyer, L. and Haugland, 
R.P., ProcNat AcadScL, VoL58, pp.720-26, (1967)). The synthesis and properties of new 
photodiemical model compounds containing a cyanine dye and a porphyrin has been reported 
(Lindsey et al, Tetrahedron, Vol. 45, No. 15, pp.4845-66, (1989)). Complexes containing 
fluorescent donor and aooeptor chromophores have been described as substrates for the kinetic 
study and assay of hydrolytic enzymes (Carmel et al, FEES Letters, Vol.30, No.l, pll, 



European Patent Apphcs^aa No. 609894 disdoses a labdliiig 0Qnq>lex comprising a tri-nucleus 
dye represented by the general formula (1). 



where Xa, Xb and Xc are independently substituted or unsubstituted heterocyclic rings 
containing one to diree heteroatoms and La and Lb are conjugated methine chains. One of La 
and Lb may be omitted so as to link the heterocycles directly. The compounds of structure (1) 
can include a reactive group for forming a covalent linkage between the trinucleus dye and a 
biological substance. Compoiinds of such a formula are reported to have a large Stokes* shift 
(50-lOOnm). However, it is not thought that resonance energy transfer is involved in the 
process of fluorescence with those dyes. 



(1973)). 




(1) 
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Multq)aiameter analysis nqng fluoresoeol labels with distinctly diffeie&t emissioo wavelengths 
further increases fte in^octance of this tedmology by piovidiiig a powerful tool for coirelating 
multiple antigenic or genetic parameters in individual cells. In epifluorescenoe microscopy, 
a continuous light source wilfa different sets of excitation and emission filters are used to excite 
and detect each fluorescent spedes. Hiis s^jpnoach works especially well if the absorption and 
emission wavelengths of each of the fluorophores are relatively close together (eg. Stokes* 
shifisof lS-3Qnm). Mostofdiehi^UyfluoresoeDt, low molecular w^ghtfLuon^phorsl^ 
cyanines and xanthenes have narrow absorpti(Hi and emission peaks and small Stokes' shifts. 
Up to 5 separate fluorescent labels have been analysed on the same specimen by microscqpy 
using epifhioxescence filter sets as described by DeBiasio et al. Journal of Cell Biology, 
Vol.105, pp. 1613-1622, (1987). 

While it is easy to find a single fluorophore that can be efficiently excited at a particular laser 
wavelength, it is difficult to find additional fluorescent labels with large enough Stokes' shifts 
to provide emission well separated fiom that of the first fluorophore. The naturally occurring 
phycobiliproteins are a class of multichromophorB fluorescent photosystem proteins that have 
large wavekngdi shifts; see Oi, V.T., Glazer, A.N. and Stryer, U, Journal of CeU Biology, 
Vol.93, pp.981-986, (1982). These can be covalently coupled to antibodies and have been 
widely used in flow cytometry for 2-colour lymphocyte subset analysis. R-phycoerythiin (R- 
PE), a photosystem protein containing 34 bilin fluorophores wtadi can be excited at 488nm 
widi the widely available argon ion laser, has been especially useful. It fluoresces maximally 
at 575am. R-PE and fluorescein can both be excited at 488nm, but R-PE can be readily 
discriminated v^th optical band pass interference filter sets from the fluorescein signal which 
appears at 525nm. Recently, 3-oolour immunofluoresoence by flow cytometry has become 
possible tiirough the development of tandem conjugate labelling reagents that amtain a reactive 
fluorescent dye which is excited at 488nm and fluoresces at 613nm, and is sold commercially 
under tiie name Duochrome, see: US Patent No.4876190. With another tandem fluorophore 
energy transfer from exdted R-PE to the linked cyanine dye known as Cy-5 leads to 
fluorescence at 670nm (Waggooo- et aL Ann. N.Y.Acad. ScL, VoL677, pp. 185-193, (1993)). 

The ^ycobiliproton-based labels aie very fluorescent and provide excellent signals in 2- and 
3-paiameter experiments for detecti<m of cell surface antigens. However these reagents have 
not been widely utilised for measurement of cytoplasmic antigens or for detection of 
chromosomal markers by fluorescence in situ hybridization because their large size (MW 
210,(X)0 Daltons) limits penetration into dense cell structures. 

Notwidistanding the above, there is sdU a lack of low molecular weight fluorescent compounds 
which can be used as labels for the covalent labelling of target molecules and which will 
provide multicolour fluorescence detection using single wavelength excitation. There is also 
a requirement for several such fluorescent labels, each of which can be excited optimally at 
a particular laser wavelengA but fluocesoe at significantly different emissioii wavelengths. We 
have now found a class of low molecular weight fluorescent labels which will provide 
multicolour fluorescence detection using single wavelength excitation. 

Accordingly, the present invention relates to a low molecular w^ght fluorescent labelling 
complex comprising: 
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a first or donor fluorochzome faaving first absorption and emission spectra; 



a second or acceptor fluotocbronie having second absorption and emission spectra, the 
wavelength of the emission maximum of said second fluorochiome being longer than 
the wavelength of the emission maTtnuim of said first fluorochrome, and a portion of 
the absorption spectnmi of said second fluoroduome overlapping a portion of the 
emisnon spectrum of said first fluoiochrome; 

at least one linker for covalently attaching said first and second fluorochromes for 
transfer of resonance energy transfer between said first and second fluorochromes; 

a target bonding group capable of forming a covalent bond with a target compound; 

wherein the combined molecular weight of said first and second fluorochromes and said linker 
is less than about 20,000 Daltons. 

Preferably at least one of said first or second fluorochromes is a cyanine dye. 

The linker may be rigid or flexible to orientate the transition moments of the donor and 
acceptor cfaromophores. For optimal energy transfer to occur, the transition moments of the 
fiist and the second fluorochromes are orientated relative to each other in a non-perpendicular 
direction, eg. positioned generally parallel or in tandem relative to each other. The transition 
moments of the flexibly linked fluorochromes will change as the linker flexes, but provided 
that the donor and acceptor transition moments are non-perpendicular during the excited state 
lifetime of the donor, energy transfer will occur. The complexes prepared and described 
herein show energy transfer ranging fiom 50% to 99% efficiency. Energy transfer efficiency 
depends on several fectors sudi as ^)ectral overlap, spatial separation between donor and 
acceptor, relative odentatioo of donor and scoeptor molecules, quanmm yield of the donor and 
excited state lifetime of the donor. In a preferred embodiment, the fluorochromes may be 
separated by a distance that provides efficient energy transfer, preferably better than 75%. 

Goser proximity of the donor aixi acceptor fluorophors would enhance energy transfer, since 
efficiency of energy transfer varies as the inverse 6^ power of separation of the centres of the 
chromophores according to Forster's equation: 

ET« K^«dJ/R*^d 

where ET is the energy transfer rate constant, is the relative orientation of donor and 
acceptor transition moments, is the quantum yield of the donor molecule, R is the distance 
between the centres of the donor and acceptor fluorochromes, J is the overlap between the 
enussion spectrum of the donor and the absorption spectrum of the acceptor fluorochromes, 
and Tjj is the excited state lifetime of the donor molecule. See, Forster, T. "Intermolecular 
Eneigy Transfer and Fluorescence", Ann. Physik., Vol.2, p.55, (1948). The distance R 
between the centres of the donmand aooq>tor fiuorochromes may be preferably from 10 to 80 
Angstroms. The linker should permit resonance energy transfer between the fluorochromes. 
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The fluoiochiomes should not interact diemically or fonn seoondaiy bonds whh each other. 



The linte may be Inferably from 2 to 20 bond lengths. For example, if the linker contains 
anal]^l<±aBn,-(CT2),-, flic caibon number V may be ftoml to ab^ Thelinker may 
include part of the constituents extending from flic fluorochrome. In other words, flie linker 
is attached to the d^e chromophore but is not a part of iL Referring to the linkers shown in 
Table 2, some extend from the ring nitrogen in one cyanine to a functional group on the 
benzene ring of another cyanine. Some linkers extend between functional groups on the 
benzene rings of linked dyes. However, in these examples, none of the linkers includes a 
network of double bonds fliat permit conjugation of flie donor and acceptor. With a relatively 
short linVftT and optimal orientation, there may be efficient resonance energy transfer even 
when flK^)ectraloverl29> becomes smalL Therefore, it is possible to obt^ large wavdengfli 
shifts even when only two duomophores are used in the complex. 

Suitable linkers are selected from flie group consisting of alkyl chains containing from 1 to 20 
caibon atoms which may optionally include from 1 to 8 oxygen atoms as polyether linkages, 
or from 1 to 8 nitrogen atoms; as polyamine linkages, or from 1 to 4 CO-NH groups as 
polyamide linkages, up to 2 bicyclo{2,2,2]octyl groups and up to 10 nucleotide units. 

The complexes of the present invention include a target bonding group c^jable of forming a 
covalent bond wifli a target compound to enable the complex to label the target, such as a 
canier material or a bidogicaloorapound. The target bonding group may be a reactive group 
for reacting with a functicxial group on the target material. Alternatively the complex may 
contain a functional group and the target may contain the reactive constituent. 

Suitably, the reactive groiip is selected from the group consisting of succinimidyl ester, 
isothiocyanates, dichlorotriazine, isocyanates, haloacetamide, maleimide, sulphonyl halides, 
acid halides, alkylimido esters, arylimido esters, substituted hydrazines, substituted 
hydroxylamines, caibodiinudes and phosphoramidites. 

Suitably, the functional group is selected from the group consisting of amino, sulphydiyl, 
carboxyl, hydroxyl, caibonyl, thiophosphate. 

Suitably, halo- and halide are selected from chloro, bromo and iodo, or chloride, bromide and 
iodide. 

Suitable target materials may include antibodies, antigens, proteins, caibohydiates, lipids, 
nucleotides toivatized to contain one of amino, hydroxyl, sulphydiyl, caiboxyl, or caibonyl 
groups, and oxy or deoxy polynucleic acids derivatized to contain one of amino, hydroxyl, 
thiophosphoryl, sulphydiyl, caiboxyl, or caibonyl groups, cells, polymer particles, or glass 
beads. In the alternative embodiment, the target may be derivatized to contain the reactive 
groups identified above to form covalent bonds with the functional groups on the complex.. 

In a second embodiment, flie fluorescent complexes of the invention may contain a 
polymerizabkgioiq>suitabte for flie fonnation of a polymer containing flte 000^^ Suitable 
polymerizable groups are sdected from aciylate,mefliaciylate and ^ Polymerization 
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may be carried out with a suitably derivatized complex of this present invention used in 
conjunction with a second polymeiizable monomer starting material, such as styrene or 
vinyltoluene, to form a copolymer containing fhe fluorescent complex. 

Alternatively^ tiie fluorescent complexes of the invention need not have a reactive group when 
used to non<ovalently bind to anodier material. For example, the complex may be 
incorporated during polymerisation or partide formation or may be absorbed into or onto 
pdymer particles. 

The complex may also include water solubilising constituents attached thereto for conferring 
a hydrophilic diaracteristic to die complex. They are preferably attached to the aromatic ring 
system of the cyanine fluoiocbiome. If the cyanine d|ye does not contain the water solubilising 
constituent, then the odier dye or the linker moiety can contain the water solubilising group. 
The water solubilising constituents must be unreactive with the target bonding group of the 
complex. Suitable solubiliang constituents may be selected from the group consisting of 
amide, sulphonate, sulphate, phosphate, quaternary ammonium, hydroxyl, guanidinium and 
phosphonate. Sulphonate or sidphonic acid gixnips attadied dire^ 

cyanine fluorochrome are particularly preferred. Water solubility may be necessary when 
labelling piotdns and oxy and deoxy nucldc adds derivatized with amino groups or sulphydryl 
groups in aqueous solutions. Alternatively, a less hydrophilic polar form of the energy 
transfer compound may bind non-covalently to DNA by intercalation between die base pairs 
or by interaction in the minor gioove of DNA. Such compounds may be useful for DNA 
quantitation or localisation. 

In addition to the embodiment of tiie invention which includes a single donor and a single 
acceptor fluorochrome, the fluorescent labelling complex may include further fluorochromes. 
The further fluorochiomes must have absorption or emission spectra which permit energy 
transfer to occur. For example, a third fluorochrome may be attached to the second 
fluorochrome. In this example, the wavelength of the enussion ^)ectrum of the third 
fluorochrome is longer than die wavelength emission of the second fluorochrome, and a 
portion of the emission spectrum of the second fluorochrome overl^s a portion of the 
absorption spectrum of die third fluorochrome for transferring energy absorbed from the first 
fluorochrome to the second fluorochrome to the third fluorochrome. 

In another embodiment of the present invention, the complex may include a plurality of the 
first fluorochromes, each covalentiy linked by a linker moiety to the second fluorochrome and 
each capable, upon excitation witii light, of transferring energy to the second fluorochrome. 
In a further embodiment of the present inventi<«, the complex may include a plurality of the 
second fluorochromes, each covalentiy linked by a linker moiety to a first fluorochrome and 
each capable of accepting energy from the first fluorochrome when the first fluorochrome is 
excited by Hght. The plurality of first and second fluorochromes may be the same molecule 
or may be different F6r example, there may be several donor fluorochromes which are each 
excitable at different wavelengths to accommodate different excitation light sources. 

In a still further embodiment of the present invention, the complex may include one or a 
plurality of the second fluorochromes, each covalentiy linked by a linker moiety to one or a 
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pluiaUty of the fim flnorodirome and each oov^ 

fluoiDchiome. Energy transfer pn)ce©ds in paiaUcl in these cmbodinients. 

TTie first fluoiochrome preferably has an extinction coefficient greater than 20,000 
Litres/molc.cm and more preferably greater tiian 50,000 litres/mole. cm. The second 
fliKKodnome has a fluorcsaoce quantum ykdd greats Quantum 
yield is generally related to a molecule's rigidity or planarity and indicates die molecule's 
propensity to fluoresce, ie. give off energy as light, rather ton as heat when energy is 
provided to die molecule. 

Hie complejces of die present invention preferably include at least one cyanine fluorochrome 
and preferably at least one pcdymediinecyanine dye. The cyanines are particularly useful due 
to die wide range of structural variations and spectral properties available tiiat may be obtamed 
by varying the number of carbon atoms in die medunc bridge, and die heteroatoms or other 
constituents of die Qranine dyes. It is possible to syndiesise dyes having particular exciUtion 
wavelengths to correspond to a particular excitation source, such as a laser, eg. a HeNe laser 
or a diode laser. TTiercfore, energy transfer labeb can be made diat absoib and emit efficientiy 
at most wavelengdJS in die visible region of die spectrum. Commonly used sources of 
excitation excite at laser line 488nm. Whilst diat excitation wavelength wiU be used for die 
purposes of die description of die invention, it is to be understood by diose skilled in die art 
diat odier energy transfer labels can be made for specific exdtation sources widiput departing 
from the scope of die invention. 

Examples of dyes dial can be used as donor and acoqrtor fluorochromes in die fluorescent 
labelling complexes of die present invention are shown in formulas 2 and 3, 




Cascade Blue HTC ^ 

(2) (3) 

and in formula (4), 
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P P 
(4) 

wherein X is selected from QCHJj, sulphur and oxygen, R' and are independently selected 
from the group consisting of CHjNHj, SO,', CH^CCX^H and NCS. P is selected from SO,'. 
NH, and CCX)H, and n is an integer from 1-5. 

Additional cyanines for use in complexes of the invention are the rigidized monomethine 
cyanines disclosed in the copendiiig application of Waggoner ct al, entitled "Rigidized 
Monomethine Cyanines*, filed on even date herewith. The monomethine rigidized dyes have 
the following general stiucnire (5). 





optionally substituted by one to six groups R' to R'; 
where T is a linking group such that: 




is a six or seven membered ring; 

X and Y are selected from bis-substituted carbon, oxygen, sulphur, selenium, -CH=CH-, and 
-N-W wherein N is nitrogen and W is selected from hydrogen and a group -{CH2).R* where 
n is an integer from 1 to 26 and R» is selected from hydrogen, amino, aldehyde, acetal. ketal, 
halo, cyano, aiyl, heteroaryl, hydroxy], sulphonate, sulphate, caiboxylate. substituted amino! 
quatemaiy amino, nitro, primaiy amide, substituted amide, and groups reactive with amino,' 
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hydioxyl, aldehyde, phosphoiyl, or sulphydxyl groups; 

groups 7} and represent the atoms neoessaiy to complete one, two fused or three fused 
aromatic rings ead) ling having five or six atoms, selected ^m caibon atoms and, optionally, 
no more than two oxygen, nitipgen and sulphur atoms; and 

and R' are attached to the caibon atoms of T when T contains carbon atoms. 

The ligidized mooomediine ^anine dyes have sharp distinct absorptive and eroisave signals, 
v^iidi are photostable. Certain of the xigidized monomediine cyanine dyes maximaUy Absorb 
and emit light at wavelengths between 3CX) and 500nm. 

Other low molecular weight fluorochiomes in addition to the cyanine fluorochromes may be 
selected irom the fluoresceins, pyiene trisulphonates (vdiich are sold under the trade mark 
"Cascade Blue"), rhodamines, and derivatives of the bis-pynomethine boron difluoride dyes, 
such as 3,3\5,5*-tetiamethyl-2,2'-pyiromethcne-l,r-boion difluoride, sold under the 
trademaik BODIPY by Molecular Probes Inc. BODIPY analogues are disclosed in US Patent 
Nos. 4774339, 5187223, 5248782 and 5274113 (Haugland and Kang), as weU as in the 
"Handbook of Fluorescent Probes and Research Chemicals", published by Molecular Probes 
Inc. 

For obtaining exceptionally large excitation-emission wavelength shifts, it is possible to use 
sequential energy transfer stq)s in the complex. For example, three chromophores have been 
linked to provide maximal emission at the wavelength of a cyanine dye, the heptamethine 
cyanine, CY7, (compound 4, X=C(CHJ2, R\ R'=-S03-, P=COOH, n=5, m=3), above 
780imi with excitation at 488imu The initial donor was fluorescein isothiocyanate and the 
intermediate fhioxophore in the complex was the tnmethine cyanine dye designated CY3 
(compound 4, X=C(CHOj, R^=R2=CHjNH2. P^^SO, *, n=4, m=l). The fluorescein was 
excited at 488nm and transferred nearly 100% of its excited state energy to the trimethine 
cyanine, which in tum transferred about 90% of its excited state energy to the CY7 fluorescing 
at 782nm. The same efficiency was observed when a pentamethine cyanine CY5 was used in 
place of CY7, with fluorescence at 667nirL The development of such multichromophore 
complexes is particularly useful for multicx>lour detection systems. 

Although several of the complexes show efficient energy transfer, tiie overall quantum yield 
of these labelling complexes can be further improved. For example, the use of acceptor dyes 
with quantum yield higher than that of CY5 would improve the overall brightness of the 
complex. 

Tbe fluorescent labelling complexes of the invention have low molecular weights and can be 
readily conjugated to antibodies, other proteins and DNA probes. Low molecular weight as 
used herein shall mean tiiat the combined molecular weight of the fluorochromes and linker 
of the complex is preferably between about 500 and 10000 Daltons, and for the two 
fluorochiome complex, preferably in the range of 1000 to 2500 Daltons. Therefore Uiese 
labelled spedes will have much greater penetration into intraoellulaT environments tiian is 
possible with the large phycobiliprolein labek currently in use. The low molecular weight 
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fluorescent con^lexcs of the present inventkm should be valuable not only for flow cytometry, 
but also for laser confocal microscopy and for other detection systems requmng multicolour 
detection with single wavelength excitation. 

The invention includes a reagent and a method for making the reagent including incubating the 
fluorescent water soluble labelling complex described above with a carrier materiaL 

Tbt present invention also provides processes for the preparation of the fluorescent labelling 
complexes which comprise oovalently linking fluorochromes such as cyanine fluorochromes 
to cyanines or other fluoiodiromes, by methods well known to Aose skilled in the art to form 
energy transfer donor>acceptor complexes. 

For txsmpit, complexes of tiie present invention wherein the linkage contains an amide or an 
ester may be prepared by the reaction of a compound of formula (6) with a compound of 
formula (7); 

R-(M)-CX>A B-(N)-R' 
(6) (7) 

wherein R and R' arc different fluorochromes; COA is an activated or activatable carboxyl 
group; B is NHj or OH; and M and N are indcpendenay aliphatic moieties containing C^.n 
alkyl and optionally including one or more linking phenyl, naphthyl, amide, ester, or ether 
functionaUties. See for example, Mujumdar. R.B. et al, Bioconjugate Chemistry, Vol.4, 
PP.1Q5-111. (1993); US Patent No.5268486 to Waggoner et al, the disclosure of which is 
incorporated herein by reference. Suitable groups A include halo, for example chloro or 
bromo. paia-nitrpphenoxyl, N-hydroxysucdnimido, or OCOR" wherein R" is C,^ alkyl. 

Complexes of the present invention wherein the linkage contains an amino, ether or a thioether 
group, may be prepared by Ae reaction of a compound of formula (8) with a compound of 
formula (9); 

R-(M)-B' C-(N)-R' 

(8) (9) 

wherein R, R', M and N are as defined above; B' is OH, NH,, or SH; and C is a displacable 
group for exanq>le iodo, or para-toluenesulphonate. The reaction is suitably carried out in the 
presence of a base. 

Alternatively, complexes of the present invention may be prepared by first coupling together 
two dye piecur^ws using a non-conjugated linker to give an intermediate represented by 
structure (10). 
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Xa-(L)-Xb 



(10) 



wfaeiein Xa and Xb are independently substituted or unsubstituted heterocy cbc prto^^ 
(L) is a «»K«g«gated linker group comprising C,.„ aliyl. optionally induding one or mo« 
LLg pheayU naphtbyl. bicydoP.2.2]oeiyU ether, amine, e^. or anude groups or 
SJS^to«f. Suitabte heterocyclic precursors. 3^ Xb a^ sto^^^^^ 
S«mdsIandIL By ^ of e«aip!e. tte synthesis of ii«terii«daie (10) 
cSsrf an alkyl chain linked to the nitrogen atoms of t«« mdotone 
™iished by i«ction with an ..onlihaloalkane. such as 1.6^ro™Ae««e, eitto in a 
M«Ta two stage reaction process. Suitably the reaction is cari«l out at an elevated 
temperature such as about 100-110^. in an inert solvent such as xytoe. See for ewmple, 
SrSlT-Tl* Cyanine Dyes and Related Compounds", p.676. Wiley Intersc«nce 
(1964).' the <Usdosures of which are incorporated herein by reference. 

The intermediate (10) can then be used as a precursor in the ^'^^^^ ^^^^^l^^ 
Ae art. of complexes containing two different fluorophors connected by *e Unter See for 
example. Hamer, F.M.. 'Tbt Cyanine Dyes and Related Compounds", p 118-119. Wiley 
Intersdence (1964). Ae disclosures of which are incorporated herem by refiMence.. 

The following examples serve to illusiiate the preparation of complexes of the present 
invention and their spectral properties. 




Cyanuric chloride (irichloiotriazine) (5mg), sodium bicartwnate (2nig), and punfied 
dixnethylforxnamide (DMF) (0.25inl) were mixed at (TC. To this solution was added 5mg of 
aminoiyanine dye (Migumdar el al. Cytometiy. Vol.10. pp.lM9, (1989)), lepiesented above 
by the box containing CT5 and the mixture was stirred at (rC for 10^^ Stiningwas 
continued ovenught at loom temperature. Thin layer chromatography (TLC) revealed one 
major spot and two minor spots; tiie latter spots were determined to be impunties. 

The reaction mixture was woiked up by precipitation with ether. A dark blue powder was 
obtained DMF (0.3ml) was added to dissdve the powder. To this solution was added sodium 
bicaxbonate (2mg) and 4.7mg of the amino-CY7 dye represented by the box containing CY7 
Tbe mixture was stirred at room temperature for 24 hours. The product was precipitated and 
washed several times with ether, providing a dark powder. The complex showed an absorption 
spectrum with peaks for the individual fluorochromes at 650nm (CY5) and 761nm (CY7), 
indicating tiiat no new chromophore had been generated. 

Examples ^ynthprf^ nf Coy p pi«>v 1 and Related Compounds (s« TaMc 2) 

i) nfttieral Methods 

a) PiirififiarionofDves 

Purification of the fluorochromes was performed on a Spectra-Physics model SP8700 
analytical HPLC unit equipped with a C8-RP column. Purification could also be achieved by 
conventional or flash column chromatography on commercially available C18-RP powder. 
Water/meAanol mixtures were used for cluticm in all experimenU. Dyes were recovered from 
the fractions by rotary evaporation at 60-70X: without appreciable loss. For further 
purification, ti» fiuoioduome, with undetermined counter ion conation was passed through 
a Dowex-50W column (hydrogen form). 

b) spftrtToscopic ^f^^^tmmentfi and Analytical Determinations 

Ultra-violet/visible spectra were measured with a Hewlett-Packard HP8452 diode array 
spectrophotometer. Proton NMR spectra were obtained with an IBM 300 FT-NMR 
spectrometer using DjO, CDjOD or DMS0-d6 as solvents. NMR signals are described m 6 
by the use of s for singlet, d for doublet, t for triplet, q for quartet and m for multiplet. 
Huorescencc measurements were performed uang a SPEX Fluorolog 2 System. Quantum 
yields were determined by known techniques as described by Mujumdar R.B.,et al, "Cyanine 
Dye Labelling Reagents Containing Isothiocyanate Groups", Cytometry, Vol.10, pp.11-19 
(1989). 

c) ri»ii iHiepararion and Flow Cvtometiv 

MoHOTuclear leukocytes were obtained by Histopaque, denaty 1.077, separation from healtiiy 
volunteers. The lymphocyte population was selected by flow cytometry based on forward and 
side scatter characteristics. Sub-populations were identified using specific monoclonal 



11 



antibodies (CD4. staining T-helper ccUs and CD3, pan T<eU population), Optunal 
concentration of Complex l-tagged antibody was determined by analysing the results of a 
dHution series. Direct immunofluorescence was accomidid^ 

amount of labeUed antibody with 1-2x10* cells for 45 minutes at 4^. Samples were then 
washed twice in Hank's balanced salt sohition (HBSS) containinfi 2% fetal bovme semmand 
0 1% sodium azide. After the final wash, the cells were lesuspended m 1ml of HBSS 
containing 1% paraformaldehyde and analysed within one week. How cytometry 
measurements were made with a Becton Dickinson FACS 440 dual laser flow ^^ter 
equipped with a Consort 40 data analysis system, TTie argon ion laser provided 400mW of 
excitation at 488nm. Fluorescence signals from Conq)lex 1 and R-phycoerytiirin were 
collected using 670/13.5mn and 575/26nm band pass filters respectively. 

d) (^alriilatinn nf nonar Quenrhiny Ffficiencv (DOE) 

Resonance energy transfer efficiencies were estimated ftom the quenching of donor 
fluorescence intensities. Absorption and fluorescence spectra of the donor (alone) and the 
fluorescent labelling complex were obtained in order to determine the relative concentrations 
of each in fluwescence experiments. Donor excitation was used to obtain emission spectra of 
botii compounds. DQ£ was tiien calculated using: 

DQE% = (1 - P^An^A^) X 100 

where F is the fluorescence intensity of the donor alone, F^is the fluorescence intensity of tiie 
complex at the donor wavelengtii, A is tiie absorbance at die wavelengtii of excitation of the 
donor alone and A^ is tiie absorbance at tiie wavelength of excitation of tiie fluorescent 
labelling complex. 

e) fiynthesis of FlnoTochromes 

Amino cyanines (CYSNH^, CY3(NHJj and CY3NHjSO0 and caiboxyalkyl cyanines 
(CY5CCX)H, CY30(S03)2, CY5(SO0j and CYf(SOs)^ required as precursors for energy 
transfer fluorochromes were synthesised by the methods previously described m Ernst, L. A. 
et al, "Cyanine Dye Labelling Reagents for Su^diyl Groi^", Cytometry, VoLlO, pp.3-10, 
(1989) Hammer, F.M., "The Cyanine Dyes and Related Compounds", (WUey. pub. New 
York 1964), Mujumdar, R.B.et al, "Cyanine Dye Reagents Containing Isothiocyanate 
Groups", Cytometry, Vol.10, pp.11-19, (1989); Mujumdar, R.B.et al. -Qranine Dye 
Labelling Reagents; Sulphoindocyanine sucdnimidyl ester". Bioconjugate Chemistry, VoL4, 
pp. 105-111, (1993); Southwick, P.L. ct al, "Cyanine Dye Labelling 
Carboxymethylindocyanine succinimidyl esters", Cytometry. Vol.11, pp.418^30. (1990). 
The synthesis and properties of one amino^anine fluorochrome, CY3NH2SO3 and its 
conjugation with the sucdnimidyl ester of CY5(SO,)2 to form Complex 1 is described below. 
The spectral properties for all the fluorochromes are shown in Tables 3 and 4. The 
unsymmetiical trimethinecaibocyanine, CY3NHjS03, was syntiiesised in four steps. Refer to 
Table 1 for die structures (I) - (VI). 
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Table 1 




Compound 


R' 




I 


H 


H 


n 


CHjPhth 


H 


m 


CHjPhth 


(CH2)5CCX)H 


IV 


SO,- 


(CHJjCOOH 




V SOj CHjPhth 

VI SO,- CH^NHiCCYSNH^O,) 



CH3W1A 
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1.5.1 f^y nr>.>»ic«f'i-Phti . oi:.^^H«m>.hYi.i-<r nTtv>TVTyntvl)-2 . ^ ^^rimfthvlimlote fffl) 

5-Phthalin«k,n«thyl-2,3>trin^li«to^ (H) ^ syntheased accordmg totte^we 
of Gale and Wdshire. 'Jbt Amidomethylation and Bionunation of F««=»^J^- Zf* 
Lpamon of Some New Polymethine Dyes". AustJ.Chem. Vol.30. PP-689jM. (^^7) 
SSLj N-l9d««y«ethylphttalinride (70g. 0.4mol) was 

p^*oT45 nSm^a stiLd solution of 2.3>trin«thyl-(3H)-i«k>lcmne (1) ^(J^^fm^l) 
K^mated sulphuric add (360ml) at room ttmpeianne. IT* solvmon^ "T?™ '2 
L^^^^Ve«tu«befo«bch«pouiedontoice-^^^ ^^""fx InnrJ^S 
cone, ammolm^xide gave a yellow powder which was ffl«red and dned (11 Ig. y^Id 
m, mp.l80-182i. 'H NMR (DMSOhU. 6. 7.8-7.95 (m. 4H. phthalin^), 7.4 (s IH. 
4-S.738 (d. IH. J=9.0Hz. 6-H). 7.2 (d, IH. J=9.0Hr, 7-H). 4.7 (s. 2H, ^J. 2.2 (s. 
3H,CH,), 1.2(s,6H. -(CH,W. 

nus dry powder (lOg. 0.03mol) and 6-bromohexanoic acid (9.1g. O.OSmol) were mixed in 
1.2-«Wrfdon*enzene (25ml) and heated at 125-C for 12 hours under mtiogen. .The mixture 
was cooled. 1.2.DichloK*enzene was decant«i and Ae solid '^l^^'^.^^^ 
isopropanol until free powder was obtained (llg. yield 80%. mpAli-lTffp. H NMR 
(Ki).». 7.1^7.95 («.4H.ph.haHmido). 7.4 (s. IH. ^-H). 7J8 (d, J=^OHz^ 
H) 7 m IH, J=9.0H2, 7-H). 4.7 (s. 2H. -Oy. 4.5 (t, 2H. J=7.5H2, «-CH^. 2.3 (t, 2H 
J=7H2. .-CHJ. 1.99 (m. 2H. P-Oy. 2.3-1.7 (m. 4H, y-CH, and S-CH, merged with s of 
6H-(CHj)j). 

1.5.2 «iy nti.»ricnf ^ Vtrimethvlindo1fnininin-s-'iiilpli<>nate (IV) 

Compound (IV) was synthcsised according to the procedure described previously by 
Mujumdar. R.B. etal. Bioconjugate Chemistry. (1993). s«p« m potasaum alt of 2,3.3- 
nimethyliiKtolemiiium-5-sulphoiiaie (llg, 0.04rool) and 6*tomohexanoic acid (9.8g. 0.05niol) 
were nixed in 1.2^iichlaioben2ene. (100ml) and heated at 110»C for 12 hours under nitrog«i. 
The mixmre was cooled l,2.Dichlorobenzene was decanted and the soUd mass was mtunite^ 
with isopiopanol until fee powder was obtained (llg. yield 80%). 275nm: H- 

NMR^m! 8.13 (s. l^S. 8.03 (dd, la -0. UHz. 6-H) '[l^'^J^'^f^: 
7-H), 4.51 (t, 2H, J=7.5H2. «-CH^. 2.25 (t, 2H, J=7.5Hz, y-CHJ. 1.99 (m. 2H, p-CH^. 
1.35:1.66 (m, 4i 4-CH,. 1.61 (s. 6H, -iCH^^. R, = 0.55 (C-18, water-methanol. 

25«). 

1.5.3 Synthnds of Intmnediate fV> 

A solution of l-(e-carboxypentyl)-2,3,^triiiielhylindoteninium-5-sulphonate (IV) (lOg, 
0 03mol) and N.N-dimethylfotmamide (7.2g. 0.04mol) in acetic acid (20ml) were heated to 
reflux for 1 hour. Acetic acid was removed on a rotaiy evaporator and the product was 
washed with ethyl acetate (3x50ml) whereupon a dark brown solid was obtained, imw 
(water) 415nm R, = 0.32 (C-18. 25% methanol in water). The crude product thus obtained 
was used for the next reaction without further purification. The solid (3.8g) was dissolved m 
a mixture of acetic anhydride (10ml) and pyridine (5ml). 5-Phthalimidomethyl-l-(€- 
eaiboxypentyl)-2.3,3^rimettiylind«)le (in) (2.5g. 6mmol) was added and the reaction mixture 
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was heated to IKTC for 1 hour. The solution was cooled and diluted with diethyl ether 
(SOOml). Product separated in the form of a red powder from which supernatant fluid ^ 
removed by decanting. It was dissolved in a minimum volume of meflianol and re-precipitated 
with 2-propanoL The product was collected on a filler p^ and dried to yield 5.3g of 
oonroound(V). It was pwifiedl^fladi column chiomatogr^y cm reverse phase C- 18 usu^ 
water methanol mixture as eluent, (1.6g, yield 30%). Xtoax (water) 554nm, € l.W 
L/moLcm. NMR (CD,OD), 6, 8.5 (t, IH, J « 14 Hz, p-proton of the bridge), 7.8-8.0 
(m 6H 4 protons of the phthalinudo group and 4-H and 6-H of the sulphomdolenng). 7.55 
(s W4'-H), 7.6 (d, IH, J- 12Hz, 6'-H), 7.3 (two d, 2H, 7-H and 7'.H), 6.1-6.3 (t, 2H, 
«; «'.protons of the bridge). 4.1 (m. 4H, «, «'-CH,-). 2.9 (t, 2H, J - 7Hz, -CH,CX)OI^. 
1.4-2.0 <m. 21H, three -CHj, one -CH,. and two -(CHj)^, methyl protons of the 
phtfaalimidomethyl group are merged in a water signal at 4. 8. 

1.5.4 Hy^m1y.^is of (W) to give (VP 

Compound (V) (l.g, l.lmmol) was dissolved in concentrated hydrochloric acid (5ml) and 
heated under reflux for 12 hours. After cooling, the crystalline phthaHc acid was filtered off. 
The filtrate was concentrated with a rotary evaporator and then slowly neutralised with 
concentrated ammonium hydroxide while the temperature was kept below 30*C. Pure 
fluorochrome CY3NH3SO,(VI) was obtained by reverse phase column chromatography usmg 
a water-medianol nrixlure as eluent Xmax (methanol) 552nm. *H NMR (DMSOA). 6, 8.45 
(t, J = 7.2Hz, IH, 9-H), 7.3-7.9 (m, 6H, aromatic protons), 6.55 (dd, 2H, 8 and 8'-H), 4.5 
(m, 4H, N-CH2), 4.1 (s, 2H, CH^NHJ, 2.15 (t, 2H. CH^COOH). «. «'-protons of the 
bridge), 4.1 (m, 4H, «, «'-CH,-). 2.9 (t, 2H, J = 7Hz. -CH^OOOH), 1.25-1.8 (broad m, 
24H, two -(CHJs and 6-C-(Ca,)^. Rf « 0.415 (RP C18 60% methanol in water). 

1.5.5 Igytith^^^nfrnmplexl 

Dry powder of CY5(S03)2 succinimidyl ester (425mg, 0.26mmol) prepared by the method of 
Mujumdar et al. Bioconjugate Chemistry, Vol.4, pp. 105-1 11, (1993), was added in smaU 
portions to a weU stirred solution of CYSNH^SO, (200mg, 0.26mmol) in 10ml of carbonate 
-bicarbonate buffer (O.IM, pH 9.4). Stirring was continued for an additional 30 minutes after 
which the reaction was purified by flash column chromatography on C-18 reverse powder 
using water-methanol (6.3:3.7) as eluent 5ml fractions were collected and monitored by 
TLC. Fractions containing CY5(S03)j acid and CY3NH2SO, were discarded. Violet coloured 
ftactions were checked by ultraviolet light in methanol and the fractions containing Complex 
1 fluorochrome (Table 2) were pooled. Evaporation of the solvent yielded Complex 1 as a 
violet powder, (yield 37%). Rf = 0.45 (RP 37% methanol-water). 'H NMR spectrum 
recorded in DjO showed broad signals and were difficult to assign. The fluorochrome was 
purified on a strongly acidic ion-exchange column (Dowex 50, H" form). High resolution 
FAB mass spectrometry showed (M+H)* ion at 1391.83 (Cn^ylif>iA +H requires 
1391.73). 

1.5.6 Sucdnimidvl Ester of Energy Transfer Cva ninc Pve 

Con?)lex 1 (60mg, 0.04mmol) was dissolved in a mixture of dry DMF (1ml) and dry pyridine 
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(0.05ml). Disuodniiiiilyl eaibonate (DSC) (46nig. OMmwtA, 1.5 eqmv/raiboxyl group) was 
added and the mixtuie was stined at 55-6(fC for 90 minutes wider mtrogen. Aft« ddutiag 
the mwture with diy diethyl ether (20nil). the supernatant was decairted. TTie product was 
washed repeatedly with ether, filtered and dried under vacuum. The formation of the active 
s«xininii(fyl ester was oonfirined by its leaeto 

SrapH9.4bicaib««tebufier. Reversed phase C-18 spotted with the ««ju^ 
the sucdniinidyl ester and the hydiolysed caiboxylate product for comparison was developed 
with water-mcthanol (1: 1) mixtuie. = 0.78 (Acid), 0.3 (Benzylamine adduet). 

1.5.7 p«irrinn of Sm v ^mniirfvi R-ster with Antibodv and StiCTt a Tid i n 

A stock solution of ComphK 1 fluotodiiome sucdnimidyl active ester was made in dry DMF 
(Inus/lOOMl). In one sample, one milligram sheep Y-globulin was dissolved m 0.25ml 
caibonateJbicaihonate buffer (approximately 6.45mnol/0.25ml). In pother example, 
streptavidindmg) was toolved in 0.25ml of the caibonatertiicaibonatc buffer. Apprc^Kiate 
volumes of the fluorochiome stock were added to 0.25ml portions of each protem soluuon to 
produce the desired starting fluorochiome to antibody ratios, and each leactton mixture was 
stirred at room tenq»eiature for 30 minutes. The protein coqugate was separated ftom 
imreacted fluoiodiiome in eadi sample by gel filtration chromatogr^hy over Sephadex G-50 
(0.7x20cm column), using PBS. pH 7.4, containing 0.1% azide. Dye conjugated proteins 
eluted as coloured bands well sq»arated from the unieacted fluotodiiome. Ihe normalised 
exdtaiion siectium of ttie Coaplaf. l-strqfcwidin coqugate in PBS is shown m Figure 5. The 
absoibance spectrum of Complex 1-Shecp Igl in PBS is shown in Figure 6. Figure 7 shows 
the flow cytometry analysis of Conq»lex 1-stieptavidin used to detect CDS antibody. 

Further energy transfer donor acceptor complexes according to the present invention were 
prepared ftom cyanine fluoiochiomes in order to investigate the energy transfer efficiency of 
such compounds. The structures of fliese analogues are shown in Table 2. 

The spectral properties of Ae precursor c^anines are given in Table 3 and those of the 
complexes are shown in Table 4. 
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Table 2 (continued) 




OOOH 



OOOH 



0 

COOH 



-A" designates the fluoiochiome that acts as the energy acceptor and "D" designates the 
fluorochiome that acts as the energy donor. 

The energy transfer complexes shown in Table 2 are as foUows: Complex I. CYSNH^SO, 
(Donor) + CYSCSO,). (Acceptor); Complex 2. CYBOCSO,), (Donor) + CY31^. (Acceptor); 
Complex 3, CYSNH^ (Donor) + CY5aX)H (Acceptor); Complex 4, CYSNH^ (Donor) + 
CY5(S03), (Acceptor); Complex 5, CY3{im^2 (Donor) + CY7(SO,), (Acceptor); Complex 
6, 2 CYSNH^O, (Donor) + CYSCSOs)^ (Acceptor). 
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Table 3 



f: ^r.^ Pmn^rti ^ f^f Tv^ninp Hvi^ IT^ US Pfmirsors for f t if fluoiwftt Energy 

Tniiirfer Cop up^fflff the Invention 



Dye 


Solvent 


Absorption 
Maximum (nm) 


Emission 
Maximum (nm) 


Quantum Yield 
(*) 


Amine containing 


CyanineDyes 




CY3NH2 


Methanol 


552 


569 


0.05 




PBS 


548 


563 


0.05 


CY3(NH2)2 


Methanol 


552 


569 


0.05 




PBS 


548 


653 


0.05 


CY3NH2SO, 


Methanol 


556 


573 


0.08 




PBS 


548 


653 


0.09 


Carboxyl contain 


ing Cyanine Dyes 




CY5C00H 


Methanol 


658 


685 


0.22 




PBS 


648 


667 


0.13 


CY5(S03)2 


Methanol 


658 


677 


0.4 




PBS 


650 


667 


0.27 


CY3-0(SO,)2 


Methanol 


492 


506 


0.2 




PBS 


486 


500 


0.09 


CY7(S0J2 


Methanol 


758 


789 


ND' 




PBS 


750 


777 


ND" 



■ ND means not determined. PBS means phosphate-buffered saline. 



The efficiency of energy transfer was estimated by calculating the amount of quenching of 
donor fluorescence that occurs (DQE) when the acceptor is attached. It is possible that some 
quenching could occur by pathways other than resonance energy transfer when the acceptor 
is bound. However, the cyanine donor preferred for the fluorescent labelling complexes of 
the present invention are relatively insensitive to their molecular environment. Furthermore, 
addition of large substituents to trimethine cyanines usually increases, rather than decreases, 
their fluorescence. Therefore, DQE may be equal to Ae efficiency of energy transfer. The 
estimated energy transfer efficiencies based on DQE measurements ranged 50% to 99% and 
the wavelength shifts between Ae donor absorption maxima and Ae terminal acceptor emission 
maxima (DI) varied between 83nm and 294nm. 
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Twoof the complaes, 1 and 6, aie capable of absoAing light at the anon laser wavelength 
488nni. Complex 1 contains a single donor and angle acceptor, and Comply 6 contains I 
donotsperacoeptor. Complex 1 has 3 caitaxyl groups and Coniplcx 6 has 4 caiboxyl grou^. 
These are converted to sucdnimidyl active esters upon activanoo. Figure 2 shows the 
absorption spectra of Con^lex I and Conqilex 6 in mediaiiol. 

Complex 1 was sdected for further studies. As shown in Figures 3(a) 2sA 3(b). ^ 
absi^anoe (soBd line) of Cwnplex I varies slightly in phosphate4>uf&red sahne (F^ 3(b)) 
and methanol (Fignie 3(a)) but fluorescence remans unchanged. The emission of tte donor 
corapraient at 572mn is very weak compared widi the emission of the accepts at 675nin, as 
would be expected when energr tiansfisr is efSdent 

Figure 5 demonstrates that sheep antibodies can be readUy labeUed with the activated Complex 
1 Conjugates made of Complex 1 corgugaied to sheep IgG at various dyerprotem raaos were 
tested Ttetowest dye:protein ratio is represented by the line having its first peak (at about 
270mn) at 0.8 and the highest dye:piotein ratio is represented by the line having itt &st peak 
(at about 270nm) at a litde less than 0.4. No dimer formation involving either tfie donor or 
the acceptor fluotochromes was observed with increasing dyerprotein ratios. Each Complex 
1 contains up to 3 reactive groups. More reactive groups may be used provided no crws- 
linking occurs. It is inqwrtant to use labelling conditions that avoid protein cross-hnki^ 
which quench the flnoresoence. Cro8*4inking by douHy activated cyanines has been observed 
previously by Southwick. P.L. et al, "Cyanine Dye Labelling Reagents: 
Caiboxyinelhylindocyanine sucdnimidyl esters". Cytometry. Vol.11, pp 41M30. (1990) and 
can be minimised by Umiting die concentration of protm to be labelled to approximately 
Img/ml. 

Upon binding to antibodies, die quantom yield of Ae complex was enhanced toe fold as 
s»wwninT*te4. H is bdiewd that diis occurs because the radiadonlessdeactivaiionpathw^ 
of both the CY3 and CYS conqionents of Complex 1 are reduced because of di^ restncted 
mobiUty»*en bound to die surfece of the protein. CWher means of restricting conformational 
mobility aie known to increase the fluorescence efficiency of cyanine fluorochromss, as 
described in Mujumdar, R.B. et al. "Cyanine Dye Labelling Reagents: Sulphoi^amne 
Sucdnimidyl Ester". Bioconjugate Chemistry, Vol.4, pp.105-111, (1993). In feet, when 
Complex 1 was fissdved in glyeerine. the quantum yield increased by several fold, as shown 

in Table 4. 

Activated Complex 1 can be used as a fluorescent label for 2 colour ftow qrtometor 
experiments wifli 488nm exritation. The scatter plot is shown in Figure 6. Human T- 
lymphocytes were used to compare the Complex 1 label widi another two-colour twgent, R- 
phycoerythrin, whidi also exdtes at 488nm and emits at 575nm. Complex 1 labelled 
stieptavidin (fluorochrome/protein -4) was used to detect Wotinylated CD3 antibocty, which 
maiks all T-ceUs. In the same lymphocyte sample, phycoetythrin(PE)-labelled anti-CD4 was 
used to mark die Helper Cell subset of die T-celU. Thus, in die total lymphocyte population 
there is a population of cells tot contain nriflier CD3 nor CD4 (ie. CD3 and cm negative. 
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Table 4 



Spiietm! PropprtlfK: nf Energy Transfer Complexes 



Dye 


Abs max 
(nm) 


Wavelgth 
(nm) 


prn 

max 
(mn) 


Quantum 

Yield 

(«) 


Energy Wavelgtb 
Transferred Shift* 
(%) (nm) 


Complex 1 


652 (14.3 


514 
600 


675 
676 
673 


0.32 
0.37 
0.49 


91 

92 


1 10 

120 


Complex 1 


jjo (lo;, 
658 (16) 


514 
600 


675 
673 
668 


0 03 
0.04 
0.21 


89 
89 


139 
137 


Complex 1* 
(PBS) 


558. 658 


488 
514 
600 


674 
673 
676 


0.11 
0.13 
0.14 


95 
95 


116 
116 


Complex 1** 


562, 658 


488 
514 
600 


674 
674 
674 


0.19 
0.32 
0.39 


ND 
ND 
ND 


ND 

ND 
ND 


Ck)mplex 2* 


490 (13), 
554 (9.5) 


466 


571 


0.15 


89 


81 


Complex 3* 


545 (9.5), 
658 (14.3) 


514 


679 


0.08 


83 


133 


Complex 4" 


550 (9.4), 
656 (14.2) 


514 


674 


0.2 


96 


124 


Complex 5' 


445 (9.5), 
754 (14.4) 


520 


782 


ND 


99 


226 


Complex 6* 


556(9.5), 
652 (14.4) 


488 

514 
600 


674 
674 
674 


0.23 
0.24 
0.34 


49 
50 


118 
118 


Complex 6*' 


548 20.0), 
652 (15.0) 


488 
514 
600 


566 
564 

668 


0.05 
0.05 
0.23 


43 
38 


118 
116 



' = in methanol, ^ = in PBS, ' = C:omplex 1 on streptavidin, d/p = 4 
= in glycerine, ' = difference betwe^ Em^(A) - Ab^(D) 



ND means not determined. 
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shown in the tower left population of the 2-<iiinensional scatter ptot in Rgure 6). a subsetof 
Complex 1-labelled CD3-positive cells that do not have a phycoeiyitan jf^^ 
positive and CD* negative, shown in the upperleft populatu» of figme 6) 
^^sting of Complex 1-labelled cells that aie phycoeryttam siaaed (le CD3 and CM 
pcSihovmtofte upper right population of Rguie 6). It is dear th;^Complex gave 
SSon of tte^^ve id negative eeU populations, and th^ th^ 

spill over of Complex 1 fluorescence into the phyco«ythrin channel ^<^'^J 
aKwrimme gave a Ibiee times brighter signal when the flu^ 



F.Tamnle 3 

Several other complexes with the general smicmre shown in formula (10) below were 
syntheased. Table 5 shows flidr n>ectral pnn)etties in solution m methanol 



.R=H 

R3CYS(S03]S 
R = CY7(S03b 




NHR 



(10) 

These series of spectra demonstrate effidert energy transfer with long Stokes' shifts. Each 
emisaon spectrum shows substantially all of the emisaon coming ftom the final acceptor 
fluorochrome in eat* series wiA only miirimal emisaon from eiflier the donor fluore^ 

the intermediate cyanine. 

Multiparameter analyas can be done of multiple samples to detect the presence of target 
tnological compounds. Each sample is labelled by weU known labelling methods wift a 
different complex. For example, one sample suspected of containing a target bw^ogical 
compound is incubated with a single fluorochiome, such as fluoresccm. Cascade Blue, a 
BODIPY dye. or one of the monomefliine rigidized ^s. or CY30(S0,)j, or CY3(SO J„ ^ 
emilting in 4e 500 - 575nmwavdength range (green to orange). A second sample suspected 
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of oontaimng the taiget bioilo^cal compound (the same compound or a different compound as 
that in sample 1), is incubated with a complex of the invention, for example fluoiescein- 
CYSNHj, which will absoib light at 488nm and emits fluorescence at S74nm (orange). 
Additional samples su^)ected of containing another taiget compound are incubated with other 
labelling complexes of the invention, such as fluoiesoein-CY3-CY5 and fluorescein-CYB-CYT, 
both of v^iich light at 488nm, but emit fluorescence at 672nm and 7S2nm respectively (red to 
near tnfra-recQ. Afler a suitable period to permit die fluorescent labels to bind with die taiget 
compounds, unbound labd is removed by washing and the labelled samples are mixed. 
Detection is possible with a angle wavelength excitation source, ie. at laser line 488imL Each 
differently labelled sample will fluoresce a different colour at the emission wavelength of its 
particular labeL Those sUBed in die ait wiB leoognise tfaat the fluorescent labelling complexes 
of the present invention can be used for a variety of immunofluorescent techniques, including 
direct and indirect immunoassays, and other known fluorescent detection methods. The 
conditions of each incubation, eg. pH, temperature and time are known in the art, but 
generally room tempeahm is preferred. If reacting with an amine, pH 9.4 is preferred. The 
pH is adjusted dq)ending on the optinmm reaction conditions for the particular reactive groups 
according to known techniques. 

The fluorescent labelling complexes may be used to form reagents by covalently binding the 
complexes to a carrier material, such as polymer particles, cells, glass beads, antibodies, 
proteins, enzymes, caibohydrates, li|nds and nucleotides or nucleic acids (DNA and RNA) and 
analogues which have been derivatised to indude at least one first reactive group capable of 
forming a covalent bond with the functional group on die labelling complex (or a functional 
grcH^ capable of fonning a covalent bond with a reactive group on the complex, as described 
above)andatleastoneseooodrBactivegn)up(orfunctioaa]groi9, asthecasemay be), having 
specificity for, and being capable of forming a covalent bond with, a target biological 
compound, such as antibodies, cells, drugs, antigens, bacteria, viruses and odier 
microorganisms. When the carrier has iimctional groups, it may be antibody or DNA suited 
for attachment to antigen or a con^lementary DNA sequence, respectively. When the carrier 
material has reactive groi^is on it, the carrier may be a polymer particle or an antigen suitable 
for attachment to DKA or an antibody for example. Techniques for oovalendy binding 
fluorochromes to carrier molecules such as those mentioned are well known in die art and 
readily available in the literature. The carrier material can further include nucleotides 
dezivatised to contain one of amino, sulphydryl, caiboxyl, caibonyl or hydroxyl groups, and 
oxy or deoxy polynucleic acids derivatised to contain one of amino, thiophosphoryl, 
sulphydryl, carboxyl, caibonyl or hydroxyl groups. The functional groups on the carrier 
material whidi are conq)lementaiy to. k. form covalent bonds with, the reactive groups of the 
labelling complexes of the invention include anuno, sulphydryl, caiboxyl, caibonyl and 
hydroxyl groups. 

A comparison of the energy transfer complexes of the present invention to the conventional 
R-phycoerythrin dyes is shown in Table 6 below. 
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Table 6 





R.PhycoervArin 


Complex 2 


Excitation Wavelength (nm) 


488 


488 


Emission Wavelength (nm) 


580 


578 


488-laserline Flow- 
Cytometer 


PE fluorescence was greatly 
reduced at pH 8.5 and 
extinguished at dH 9-5. 


Signals were stable 
throughout pH range. 


MW 


240000 


1667 


Staining 


Do not penetrate readily 
into intracellular tissues to 
reach taiget antigen. 


Labelled antibody 

penetrates into intracellular 
tissues to reach target 
antigen. 


Binding Rate 


Rate of binding to antigen 
is low. 


Rapid binding. 



The energy transfer complexes of the present invention provide a valuable set of fluorescent 
labels which are particularly useful for multipaiameter analysis and importantly, are 
sufficiently low in molecular weight to permit materials labeUed widi the fluorescent 
complexes to penetrate aU structures. As such, the complexes are well suited for use as DN A 
probes. The complexes of the invention and the reagents that can be made from them offer 
a wide variety of fluorescent labels with large Stokes* shifts. Those in the art will recognise 
thai the complexes of the invention can be used in a variety of fluorescence applications over 
a wide range of the visible spectrum. 
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Figures 

Rguie 1 is a schematic iUustiation of the overlapping absorption and emission spectra of four 
cyanine fluorochromes that can be used in the energy transfer labelling complexes of the 
present invention. 

Figure 2 illustrates the absorption spectra of two fluorescent labelling complexes. Complex 1 
(soUd line) in methanol, comprised of one cyanine donor and one cyamne acceptor, and 
Complex 6 (dotted line) in methanol, comprised of two cyanine donors and one cyanine 
acceptor. 

Figures 3(a) and (b) illustrate the absorbancc (solid line) and emission (dotted line) spectra of 
Complex 1 of the invention made of trimclhine and pentaincthine cyanine dyes in (a) methanol 

and (b) PBS. 

Figure 4 iUustiates the normalised excitation spectra of the Complex 1 in PBS (solid line), 
methanol ( h glycerol ( \ and Complex 1-stieptavidin conjugate in PBS ( ). 

Figure 5 illustrates the absorbancc spectra in PBS of sheep IgG-Complex 1 conjugates at 
various dye moleculerprotein ratios (1 - 4: 1) demonstrating that no dimer formation involving 
either donor or acceptor is evident with increasing dyeiprotein ratios. 

Figure 6 illustraies Ae two colour flow cytometry analysis of human lymphocytes labelled with 
anti-CD4-PE and anti-CD3-streptavidin-Complex 1 to mark the helper cell subset of T<ells 
and total T-ceU subset, re^wctivcfy. showing a subset of Complex 1 labelled cells without the 
PE signal and a second subset of Complex 1 labelled cells that is PE stained. 
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1. A complex comprising: 

i) a first fluoroduome having first absoiption and emission spectra; 

ii) a second fliKHOchionie having second absoiption and emission q)ec^ 

of the emission spectrum of said second fluotochrome being longer than fee wavelength 
of the emission spectrum of said first fluorochrome, and a portion of the absorption 
q)ectxum of said second fluoiDchrome overlapping a portion of the emisaon spectrum 
of said first fluorochrome; 

iii) at least one linker for covalently attaching said first and second fluorochromes for 
transfer of resonance energy transfer between said first and second fluorochromes; 

iv) at least one target bonding group capable of forming a covalent bond with a target 
compound. 

wherein the combined molecular weight of said first and second fluorochromes and said linker 
is less than about 20,000 Daltons. 

2. The complex according to claim 1 wherein at least one of said first or second 
fluorochromes is a cyanine dye. 

3. The complex according to claims 1 or 2 further comprising water solubilizing 
constituents attached thereto, said water solubilizing constiments being unreactive with said 
target bonding group. 

4. The complex according to claim 3 wherein said water solubilizing constituents are 
selected from the group consisting of amide, sulphonate, sulphate, phosphate, quaternary 
anunonium, hydroxyl, guamdinium and phosphonate. 

5 . The conq>lex accorthng to claim 1 or 2 wherein said target bonding group is a reactive 
group selected from the group consisting of succinimidyl ester, isothiocyanate, isocyanate, 
haloacetamide. dichlorotriazine, maleimide, sulphonyl halide, alkylimidoester, aiylimidoester, 
substituted hydrazine, substituted hydroxylamine, carbodiimide, acyl halide, anhydride, 
phosphoramidite, acrylate and acrylamide. 

6. The complex according to claims 1 to 3 wherein the combine molecular weight of the 
said first and second fluorochromes and said linker is witiiin the range of about 500 to about 
10,000 Daltons. 

7. The complex according to claim 1 fijrther comprising a third fluorochrome having third 
absorption and emission spocm covalently attached to said second fluorochrome; the 
wavelength of the emission maximum of said third fluorochrome being longer than the 
wavelength of the emission maximum of said second fluorochrome and a portion of the 



emission spectrum of said second fluorochiome overlapping a porfon of the atoon|to« 
S^ttum of^tbird nuoiochrome such that excitation of said first fluotochrome produces 
fluorescence from said ttiiid flnoroduome. 

8 The complex according to claim? further cornpiising water solubilizingcons^ 
Lhed^LS^^SSrilizi.* constilueat^ 

groiq). 

9 TT»oomplexaocordiiigtodaim7OT 8 wherein said first fhiorociiome is selected 

die group consisting of monomethine rigidized cyanine dyes, a trimelhine qramne dye, 
SLS. pyre^Ssulphonate. bispyrromethine boron difluoride dyes and sa«l second and 
third fluorodiromes are potymethine cyanine dyes. 

10. Hie conq»lex according to daim 1 further con«)rising either: 

i) a plurality of said first fluotoctaomes each covalently attached through a linker to said 
second fluoicchiome and each of said first fluorochiomes being capable, upon excitation with 
Ught, of transferring energy to said second fluorochiome; or, 

ii) a plurality of said second fluorochiomes each covalendy attached through a linker to 
said first fluorochiome and each of said second fluorochiomes being capable of accepting 
energy from said first fluorochiome when said first fluorodirome IS excited by hght; 

and at least one target bonding group capable of forming a covalent bond with a target 
compound. 

11 Tlie complex according to claim 10 finthercompriang water solubilizingc^ 
attached thereto, said water sdnWMiig constituents b«ng unreacfive w^ 
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12 The complex according to claims 10 or n wherein said water solubilizingccHistituents 
are selected fiom the group consisting of amide, sulphonate. sulphate, phosphate, quatemaiy 
ammonium, hydroxyl, guanitfinium and phosphonate. 

13 The complex according to claims 10 or 11 wherein said taiget bonding group is a 
re^ve group selected from the group consisting of sucdnimidyl «aer. ,soAio<^anatt. 
isocyanate. haloacetamide, dichlorotriazine, raaleimide. sulphonyl hahde, aUcylimutoester, 
aiylimidoester. substituted hydiaane, substituted hydroxylamine, caibodamide. acyl halide. 
anhydride, phosphoramidite, acrylate and acrylamide. 

14. A reagent comprising: 

A) A fluorescent water stAuble labelling complex con^»rised of: 

i) one or more low molecular weight first fluorochiomes, each having first absorption 
and emisaon spectra, covalently attached toough a linker to one or more low 
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molecular weight second fluorochromes. each having second absorption and 
emisaon spectra, and whwtan die wavelength of die emission maxmium of at least one 
said second fluorochiome is longer than the wavelength of the emission maximum 
of at least one said first fluorochiome and a portion of the absorption sptctnm of 
at least one said second fluorochiome overlaps a portion of the emission spectnim 
of at least one said fint fluorochiome for transfer of energy absorbed by said first 
fhioiocfaiome upon excitation with light to said second fluorochiome; 

ii) at least one bonding group capable of fomung a covalent bond widi a carrier 
material; and, 

iii) at least one water soliibilizing constituent attached to said complex, said water 
solubiliring constituent being unreactive with said at least one bonding group. 

B) a carrier material having a groiq> that reacts with said bonding group of said 
complex and is covalentiy bound thereto. 

15. The reagent according to claim 14, wherein at least one of said first and second 
fluorochromes is a cyanine dye. 

16 The reagent according to claim 14 wherein sad carrier material has a fimctional group 
selected fiom the group consisting of amino, sulphydryl, caibonyU hydroxyl and caiboxyl, 
phon)hate and thiophosphate and said earner material is selected from the group consisting of 
antibody, Upid, protein, carbohydrate, nucleotide derivatized to contain one of an ammo, 
sulphydryl, carbonyl, hydroxyl and carboxyl, phoq)hate and thiophosphate groups and oxy or 
deoxy polynucleic acids derivatized to contain one of an amino, sulphydryl, caibonyl, 
hydroxyl and caiboxyl, phosphate and thiophoq)hate groups. 

17 A method of labelling a carrier material comprising incubating an aqueous sample 
containing a carrier material witii a low molecular weight, water soluble fluorescent labelling 
complex comprised of: 

i) a first fluorochrome having first absoiption and emission spectra covalentiy linked to 
a second fluorochiome having second absorption and emission spectra, the wavelength of the 
emission maximum of said second fluorochrome being longer tiian the wavelengtii of the 
emission maximum of said first fluorochrome, and the absorption spectnim of said second 
fluorochrome overlapping the emission spectrum of said first fluorochrome for transfer of 
energy absorbed by said first fluorochrome upon exdtation with light to said second 
fluorochrome, 

ii) a bonding group capable of forming a covalent bond with a complementary group of 
said carrier material, and 

iii) water solubiiising constiments for confiening a polar characteristic to said complex, said 
water solubiliang constituents being unreactive with said bonding group, for a period of time 
sufficient for covalentiy binding said bonding group of said complex to said complementary 



group of said carrier material. 

18. Use of the complex accoKfiag to any one of claims 1 to 16 as a reagent for analysis 
detection. 
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